For this research, the red soil sample was drawn, and a steady percentage of the geopolymer was used along with distinct proportions of stabilizers such as fly ash, groundnut shell ash, bagasse ash, and GGBFS. Geopolymer was used in the manufacture of stabilized mud blocks as a binding agent. e geopolymer solution's effects on mud block strength have been researched. e effects of industrial by-products and waste such as fly ash, groundnut shell ash, bagasse ash, and GGBFS were also explored with the geopolymer to stabilize the mud blocks.
Introduction
Industry's fast growth leads to pollution generation, and issues occur when undesirable pollutants are released into the atmosphere. Much study has been carried out to minimize the production of pollutants using waste products in a variety of civil engineering applications and trails [1] [2] [3] [4] [5] [6] . Soft and weak soils are often stabilized with ordinary Portland cement (OPC) and lime in civil engineering building [7] . However, the cement production method discharges CO 2 into the atmosphere, which is almost 5% of the total CO 2 released into the atmosphere [8] . Because of this environmental issue, industry and local authorities need to discover fresh alternatives to replace present cementitious additives with less CO 2 release [9] . To solve this issue, Komnitsas and Zaharaki introduced geopolymers that could be an alternative substitute for OPC due to low-cost manufacturing and environmental friendliness. Geopolymer manufacturing needs 60% less energy, with almost 80% less CO 2 compared to OPC [10, 11] . Geopolymerization is a geosynthesis response of an alkali-activated structure from natural aluminosilicate sources. Materials rich in Si (fly ash, rice husk, and slag) and Al-rich materials (kaolinite and bentonite) were the primary requirement for geopolymerization process [11] . Moreover, due to the low temperatures engaged in processing the natural alumina-silicate with appropriate geopolymeric raw materials, this green material consumes less energy. In addition, geopolymers can be synthesized from distinct kinds of low-cost alumina-silicate products or even industrial waste such as fly ash, red mud, metakaolin, furnace slag, and rice husk ash [12] [13] [14] [15] [16] .
Materials Used
2.1. Red Soil. Red soil was used for the preparation of mud blocks which was collected at a depth of 2 meters from Aathoor block, located in Dindigul. is red soil is rich in iron content, and the presence of iron oxides in soil enhances the properties of soil such as stability, reduction of permeability, swelling, and porosity. Hence, the presence of iron in soil is a crucial factor for enhancing the strength in the mud block [17] .
Fly Ash.
Fly ash is one of the residues generated in combustion and comprises the fine particles that rise with the flue gases. is finely divided ash is grey in colour, which has a specific gravity of 2.2.
Groundnut Shell Ash.
Groundnut shell is an agricultural waste obtained from the milling of the groundnut by incinerating the groundnut shell under a controlled manner; the groundnut shell ash was created. e ash from this groundnut shell had been categorized as a pozzolanic material based on its chemical properties. It is having a specific gravity of 2.37.
Bagasse Ash.
Bagasse is the fibrous matter that remains after sugarcane or sorghum stalks are crushed to extract their juice. It is used as a biofuel and in the manufacture of pulp and building materials. e bagasse ash has a specific gravity of 2.1.
GGBFS.
GGBFS is ground granulated blast furnace slag which is produced as a by-product during the manufacture of iron in a blast furnace. Generally, it results from the fusion of limestone flux with ash from coke. e iron blast furnace slag contains primarily of silicates and alumina-silicates of lime and other bases. e GGBFS used for this study had the specific gravity of 2.85.
Geopolymer.
Geopolymer is a type of amorphous aluminosilicate cementitious material. It can be synthesized by the polycondensation reaction of the geo polymeric precursor and alkali poly-silicates known as a geopolymerization process. It involves the alkali activation to establish the bondage. e sodium hydroxide was used as an alkali activator with sodium silicate. e molarity level of geopolymer solution was maintained as 8 in this research.
Mix Proportions
e stabilized mud blocks were manufactured with the help of the red soil, geopolymer, and admixtures, and they have been mixed in certain proportions to get the stabilized mud blocks. In Table 1 , the mix proportions adopted for this study are clearly shown. Raw soil does not contain any admixtures, binder, and stabilizers. e red soil and geopolymer combination was mixed with the admixtures such as fly ash, bagasse ash, groundnut ash, and GGBFS as mentioned in Table 1 . In all mixes (except raw soil), geopolymer solution was added as 13.25% by weight of the red soil which had been decided based on the literature studies.
Along with the red soil and geopolymer solution, the admixture was also added up to 25% by the weight of the red soil with the increment of 5%. e four wastes (industrial and agricultural) were added to the combination of red soil and geopolymer. From which, 20 different combinations of mixtures have been developed. e combinations were named as shown in Table 1 . For example, GPF 5 means the mix which contains 5% of fly ash, 13.25% geopolymer, and 95% of red soil. Similarly, the nomenclature was given to the remaining mix proportions which can be understood by analyzing Table 1 . e raw soil was used to manufacture the control specimen (a reference mud block) to compare with the other specimens.
Experimental Studies
e strength and durability characteristics of mud blocks were studied based on Indiand standards [18, 19] . e role of each ingredient and its properties on these variables was investigated. Results of the experiments by varying the constituents were analyzed to understand the behaviour of stabilized mud blocks. Geopolymeric blocks, which have been cured for 24 hours, are adequate to produce higher compressive strength. It was observed that the increase in strength was quick in 24 hours of hot air curing, but the prolongation of the curing time increased the polymerization process, resulting in improved compressive strength. Hence, the hot air curing was done for 28 days, and beyond that, there were no significant changes in strength and durability of mud blocks [20] .
Compressive Strength Test.
Before casting mud blocks, the red cotton soil was mixed thoroughly along with stabilizers with the help of the pan mixer as per the proportions given in Table 1 . Mixing of red soil and admixtures was done in two steps such as dry mixing and wet mixing. en, finally the geopolymer solution (13.25%) was added. e stabilized mud blocks were cast with the help of the AURAM 3000 press. e mud blocks used in this study have a dimension of 240 × 240 × 100 mm. e casted blocks had been handled very carefully and were kept on a smooth and flat surface inside the hot air oven, as shown in Figure 1 . e temperature maintained inside the air oven was 60°C for 24 hours. e blocks made with alkaline activators with GGBFS were tested after 48 hours of casting. e testing of the mud blocks had been done in two stages, such as dry state and wet state, to determine the dry compressive strength and wet compressive strength. e dry compressive strength results had been plotted as a bar chart which is shown in Figure 2 . Similarly, the wet compressive strength of the mud blocks was determined, and the bar chart was plotted as shown in Figure 3 .
Dry Compressive Strength Test.
At a specific interval of curing, the mud blocks were subjected to compressive force using a digital compression testing machine of 300 tonnes capacity. e testing of mud blocks was carried out for 7 th day, 14 th day, 21 st day, and 28 th day cured mud blocks. e test results of the mix GPF (soil + geopolymer + fly ash) and the mix GPGn (soil + geopolymer + groundnut ash) and the test results of the mixes GPB (Soil + geopolymer + Bagasse ash) and GPG (soil + geopolymer + GGBFS) are shown in Figure 2 .
From the dry compressive strength test, the following findings were derived. e addition of the geopolymer and admixtures (GGBFS, Groundnut ash, fly ash, and bagasse ash) to raw soil (red soil) increased the dry compressive strength in a considerable percentage in all cases. e result shows that there is a gradual increment of compressive strength with an increase in the percentage of stabilizers. Among all the mixes, the four mixes such as GPF 25 (12.5 MPa), GPGn 25 (13.49 MPa), GPB 25 (19.20 MPa), and GPG 25 (30.20 MPa) had a maximum compressive strength in each combination. Out of all the mix combinations, GPG 25 had more compressive strength than the other mixes, 
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Mix ID Advances in Civil Engineering and it was 4.9 times more than that of the raw soil mud block. GPF 25 had 1.4 times more compressive strength than the raw soil mud block. Similarly, the compressive strength of GPGn 25 mix was 1.64 times more than the compressive strength of raw soil mud block. e GPB 25 mix had 2.75 times more compressive strength than the raw soil mud block. Among all the mixes, the compressive strength of mud blocks made by raw soil had the least value. us, the addition of the stabilizers and geopolymer increased the dry compressive strength of the mud blocks and stability of the mud blocks.
Wet Compressive Strength.
e wet compressive strength test was conducted after 48 hours immersion of mud blocks in water. is test was carried out in a digital compression testing machine. e test results had been plotted as a bar chart and are shown in Figure 3 [21] .
Based on the above-plotted charts, the following findings were observed from the plotted bar charts. e result shows that there was a gradual increment of compressive strength with an increase in the percentage of the stabilizer. Among all the mixes, the four mixes such as GPF 25 (4 MPa), GPGn 25 (4. 96 MPa), GPB 25 (6.84 MPa), and GPG 25 (11.60 MPa) had a maximum compressive strength in each combination. Out of all the mix combinations, the GPG 25 mix had more compressive strength than the other mixes, and it was 4.72 times more than the raw soil mud block. e percentage increases of compressive strength for the mixes GPF25, GPGn25, and GPB25 were 130%, 144%, and 237%, respectively. It was noted that the strength achieved by the mixes was greater than the control specimen. e mud blocks produced from the raw mix had less compressive strength than that of the mud blocks manufactured from all the mixes.
us, the incorporation of the geopolymer and other stabilizers increased the wet compressive strength of the mud blocks.
us, the stabilization of the mud blocks was possible to achieve by using these admixtures.
Flexural Strength.
Flexural strength is also known as modulus of rupture and is the limit at which a material can withstand flexural stress. is test was conducted based on IS 4332 (Part VI): 1972 after 28 days of curing. When an object is subjected to flexural stress, it undergoes both tension and compression because of the bending moment. e flexural strength of the material will depend on either its tensile strength or compressive strength, whichever is lesser. e above standard covers the procedure for determining the flexural strength of soil by the use of a simple beam with third point loading. e flexural strength results for the mud blocks made up of GPF, GPGn, GPB, and GPG are shown in Figure 4 .
Concerning the flexural strength test results, the following findings had been found. Generally, the compressive strength is directly proportional to the flexural strength. Similar to compressive strength, the flexural strength was found to be greater than the control specimen. e flexural strength for the mix GPF 25 (2.12 MPa) had 69.6 %more flexural strength than the flexural strength of the raw soil mud block. e mix GPGn 25 had 142% more flexural strength than the raw soil mix. e modulus of rupture from the mix GPB 25 was 225% more than the modulus of rupture from the raw soil. Similarly, the mix GPG 25 had 208.8 % more flexural strength than the raw soil. us, the mud block Advances in Civil Engineering manufactured from the mix GPG 25 had the highest flexural strength than the mud blocks from all mixes. From Figure 4 , it was found that the flexural strength increased with the increase of admixture. e presence of admixture and geopolymer in red soil reacted to the soil and made it as a stabilized one. e mud blocks from the raw soil had least flexural strength than the all stabilized mud blocks.
Prism Test.
It was conducted by arranging the mud blocks one over another which consists of three numbers and also five numbers. After 28 days of curing, this experiment was carried out to evaluate the block efficiency and prism strength for both 3-block pattern and 5-block pattern. e h/t ratio of 300 mm and 500 mm length specimens was 3.0 and 5.0, respectively. e test results from the prism test for all the combination are shown in Figure 5 . For every soil stabilizer combination, the block efficiency of 3-block and 5block prism was found individually, and the discussion of the results is discussed in the next paragraph.
From the plotted charts, the following discussions were made. e efficiency of the stabilizer-added mud blocks was decreasing gradually and reached the lesser value (approximately equal to 1) which is lesser than the efficiency of the raw soil mud block. us, the unit block strength and masonry block strength attained almost equal strength in the 25% replacement by the stabilizer, in all four cases. From Figure 5 , it was observed that the efficiency of the 3 blocks and 5 blocks for the mix GPF 25 had 54.64% and 41.66% less than that of the raw soil mud block. Similarly, the efficiency of the 3 blocks and 5 blocks for the mix GPGn 25 had 48.66% and 40.19% than that of the raw soil mud block. e mix GPB 25 had 62.51% and 48.84% less value of 3 blocks and 5 block efficiency than that of raw soil mud block. e efficiency of the raw soil for 3 blocks and 5 blocks was 63.76% and 49.17% more than that of the mix GPG 25 .
Water Absorption.
e water absorption test was carried out as per IS: 3495.
is experiment was performed to determine the water absorption and rate of moisture absorption of the bricks with the time of soaking in water. is test was done after the geopolymer mud blocks were cured for 28 days. e blocks were dried in an oven at 60°C until they attained constant weight. e weights of dried blocks were recorded. en, the dried blocks were immersed in freshwater for 24 hrs. After soaking in the water, they were removed and wiped with a damp cloth. e final weight of the brick was measured. From the measured values, the water absorption of the mud blocks was found and is shown in Figure 6 .
From the results obtained, it has been found that all the blocks have satisfactory water absorption value. e water absorption capacity of the mud blocks had been reduced well due to the addition of the stabilizers. e mix GPF 25 had 28.96% less water absorption capacity than the raw soil. e mix GPGn 25 had 67.58% less value of water absorption than the raw soil. e water absorption of the mix GPB 25 possessed 106.08% less than the water absorption of the raw soil. Similarly, the water absorption of the mix GPG25 was 2.51 times higher than the control specimen. Among all the mixes, the mix GPG 25 (3.47%) had the least value of water absorption. When compared with all the mixes, the raw soil mud block (12.20%) had more value of water absorption. us, the reduction of the water absorption capacity of the mud blocks depended upon the stabilizers added and its percentage of partial replacement. e stabilizers, viz., GGBFS, bagasse ash, groundnut shell ash, and fly ash are treated as important stabilizers since they have water-resisting characteristics.
Spray Erosion.
e spray erosion test was conducted to determine the rate of erosion as per IS 1725-1982. e depth of penetration was measured for every 5, 10, 30, and 60 Advances in Civil Engineering minutes, and the period of exposure was limited to 2 hours, and then the exposed surfaces were examined for possible pitting. e tests were carried out on at least 3 blocks after 28 days of curing. e depth of penetration should not exceed 2 cm for 1 hour of spray as per IS codal provision. e test results are shown in Figure 7 .
From the plotted graph, the following findings were made for spray erosion test. e rate of erosion value of the stabilized mud blocks decreased with the increment of the percentage of the stabilizers. In GPF combination, the rate of erosion for the GPF 25 combination was 21.25% more than that of the raw soil mud block.
But, GPF 5 , GPF 10 , GPF 15 , and GPF 20 had more value in the rate of erosion when compared to the raw soil mud block. Similarly, in GPF, GPG and GPGn combination also had a higher rate of erosion (from 5% to 20%) while compared to the raw soil mud block, and they were in decreasing order with their percentage increment. GPGn 25 combination had 40.35% less value of spray erosion than that of the raw soil combination, and the spray erosion of the GPB 25 combination had 122.22% less value of the rate of erosion than that of the raw soil mud block. GPG 20 and GPG 25 combinations had 220% and 371% lesser value of the rate of erosion, respectively, when compared to the rate of erosion of the raw soil mud 
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Mix ID Figure 8 shows the SEM images of the best soil stabilizer combinations (GPB 25 , GPF 25 , GPGn 25 , and GPG 25 ). Almost all the microimages of the soil stabilizers combinations were taken in 20 μm. e edges of the soil stabilizer (GPB 25 ) particles are round in shape and have some pores in it. e dark portion in the image may represent the presence of the bagasse ash and the liner patches may be indicated the geopolymer which is present in all the microimages. e micro image of the soil stabilizer GPF 25 has sphere-like elements that signify the soil with fly ash, and the convolution indicates the presence of voids. e SEM image of GPG 25 has a number of voids compared to the other SEM images. e round-shaped black particles are found in the SEM image of soil stabilizer GPGn 25, and the particles present in the mix are well bound together and have less void among all the mixes.
Model for Predicting the Compressive Strength of Red Soil
Mud Blocks. From the experimental study, it has been observed that the compressive strength of mud blocks without geopolymer varies with the strength of the various types of mix and the additional proportion 13.25 % of the geopolymer. e proportions adopted for making of mud blocks such as red soil (75% to 100 %) and varying percentage of admixture for different mix such GPF (5% to 25% of fly ash), GPGn (5% to 25% of groundnut shell ash), GPB (5% to 25% of Bagasse ash), and GPG (5% to 25 % of GGBFS) were taken for the prediction model.
Red Soil and different ration of admixture are having a direct effect on the compressive strength of the mud blocks. After reviewing various proportions of sand, soil, and admixture reported in Table 1 and Figure 2 , the parameters, i.e., compressive strength of red soil mud blocks (C), type of mix (TM), and soil (RSO), have been identified in this study. A statistical study was conducted to identify the significance of the identified parameters, and the ANOVA results are given in Table 2 .
From Table 2 , it can be seen that F-value is greater than F-critical value (3.86) and sig-value is less than 0.05 corresponding to all parameters. Hence, it is established that all the parameters considered have a significant influence on the compressive strength of mud blocks. Table 3 shows the fitness of the model. e developed model could predict 91% of compressive strength of mud block using different types of mix (TM) and various proportions of red soil (RSO).
From Table 4 , the parameters type of mix (0.78) and red soil (− 0.52) are found to have the maximum influence on the compressive strength. Statistical regression analysis was carried out using observed data from the experimental study, and the details of the data are given in Table 1 and Figure 2 . e type of mix, percentage of soil, and percentage of geopolymer used for the analysis are presented in Table 1 . Test data corresponding to the compressive strength (5.11 to 30.20 MPa), Type of Mix (Raw, GPF, GPGn, GPB, and GPG) and soil (100% to 75%). However, for GPF mix (5% to 25% of fly ash and additional 13.25% of geo polymer), GPGn mix (5% to 25% of groundnut shell ash and additional 13.25% of geopolymer). GPB (5% to 25% of Bagasse and additional 13.25% of Geopolymer) and GPG (5% to 25% of GGBFS and additional 13.25% of geopolymer) were used in the regression analysis. e prediction equation (1) for compressive strength using linear regression models is C � 3.83 * TM − 0.41 * RS0 − 0.46 * G + 41.88.
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Conclusion
From the test results, the following conclusions were found. Incorporating the stabilizers increased their compressive strength, flexural strength, spray erosion resistance, and block strength and decreased the water absorption capacity. e geopolymer (13.25%) was added to soil to prepare all mixes. Four different stabilizers (fly ash, groundnut ash, bagasse ash, and GGBFS) were added to produce the stabilized mud blocks. Among all the mixes, the mix which contained GGBFS had good strength as well as durability properties than the other stabilizers. e 45 to 50 percentage partial replacement of GGBFS to red soil with the addition of 13.25% geopolymer combination shows better results among the other mix proportion. Finally, the linear regression model was proposed to find the compressive strength of red soil mud block using a different proportion of red soil with different percentages of admixture along with geopolymer.
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